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(57) ABSTRACT 

An apparatus for measuring characteristics of a at least one 
PoWer Over Ethernet (PoE) PoWer Sourcing Equipment 
(PSE) device (also referred to as a PSE test blade) is pre 
sented. The apparatus includes a port controller and a current 
loading circuit in communication With the port controller. The 
apparatus further includes a resistance loading circuit in com 
munication With the port controller, a capacitance loading 
circuit in communication With the port controller, and a load 
current and voltage measuring circuit in communication With 
the port controller. The apparatus further includes a ?rst net 
Work providing the poWer signals to at least one of the current 
loading circuit, the resistance loading circuit, the capacitance 
loading circuit, and the load current and voltage measuring 
circuit. The port controller utilizes a set of test primitives 
Which are accessed in real time via a user interface to execute 
test sequences for characterizing PSE devices. 

18 Claims, 10 Drawing Sheets 
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APPARATUS PROVIDING 
POWER-OVER-ETHERNET TEST 

INSTRUMENT 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The present application claims the bene?t of US. Provi 
sional Patent Application No. 60/653,814 ?led on Feb. 17, 
2005, Which is incorporated herein by reference. 

BACKGROUND 

A typical PoWer over Ethernet (PoE) poWer communica 
tions system includes poWer-sourcing equipment (PSE) and a 
set of remotely-poWered netWork devices (e. g., PDs or PoW 
ered Devices) that connect to the poWer-sourcing equipment 
through netWork cables. PoWer-sourcing equipment can 
include i) poWer supply circuitry to provide poWer through a 
cable to a respective netWork device and ii) transmit/receive 
circuitry to support data communications With a respective 
netWork device at the other end of a cable. Accordingly, When 
supplied poWer through the cable, a user of the respective 
netWork device is not burdened With having to separately 
connect his netWork devices to another poWer source such as 
a 115 volt Wall outlet. Instead, the netWork device coupled to 
a port of the poWer-sourcing communications equipment 
relies on poWer received through the cable. 

There are industry standards Which attempt to provide 
guidelines for manufacturing certain types of poWer-sourcing 
communications equipment. For example, the IEEE 802.3af 
standard, Which is also called the “Power over Ethernet” 
standard, de?nes Ways to build Ethernet poWer-sourcing 
equipment and poWered devices. In particular, the IEEE 
802.3af standard identi?es Ways to deliver certain electrical 
features (e.g., 48 volts) of DC poWer over unshielded tWisted 
pair Wiring (e.g., Category 3, 5, 5e or 6 netWork cables, patch 
cables, patch-panels, outlets and connecting hardWare) to a 
variety of Ethernet devices such as IP phones, Wireless LAN 
access points, laptop computers, Web cameras, and the like. 

In the context of the IEEE 802.3 Ethernet Standard, Which 
does not cover UPS applications and is limited to PSE and PD 
interactions, the poWer-sourcing equipment discussed above 
is referred to a PoWer Sourcing Equipment (PSE) and net 
Work devices coupling to the PSE (e.g., a sWitch device) 
through cables are knoWn as PoWered Devices (PDs). 

PoWer-over-Ethemet offers bene?ts in simplifying deploy 
ment of small data devices because remote poWer supplies are 
eliminated. PoWer-Sourcing Equipment may be Endpoint, 
When integrated into an Ethernet sWitch, or Midspan, When 
inserted betWeen a non-PoE Ethernet sWitch and a PD. A PSE 
may employ Alternative A, Wherein poWer is conveyed over 
pairs 1 and 4, or Alternative B, Wherein poWer is conveyed 
over pairs 2 and 3. Endpoint PSEs using Alternative A may 
use Normal or Inverted polarity. PoE devices may conform to 
the IEEE 802.3af standard, may be proprietary, or may be 
compatible With the standard but still operate With proprietary 
devices. The various PSE con?gurations require a test instru 
ment With considerable ?exibility in Wiring con?gurations. 

Because testing of PoE-enabled Ethernet sWitches should 
include both data testing and PSE testing, one capability is the 
inclusion of data and PSE testing in a single instrument. Such 
a device could be realiZed by combining the PoE instrumen 
tation concepts herein With Well-known data-testing tech 
niques. HoWever, because of the very large installed base of 
data-testing instrumentation, an attractive capability is pre 
sented by realiZation of a PSE tester Which can be transpar 
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2 
ently inserted betWeen an Ethernet sWitch and a data-only 
tester. A stand-alone PSE test capability Would enable exist 
ing data-testing suites to be upgraded for PSE testing. Not 
Withstanding this, the techniques described herein for a stand 
alone PSE-testing capability are further applicable to make an 
integrated PSE-testing/data-testing instrument. 
An instrument useful for parametric production testing as 

Well as laboratory design veri?cation and characterization 
should support a Wide variety of tests, provide high accuracy 
measurements, and enable a Wide range of parameter varia 
tions. In addition, such an instrument should be easily inter 
faced to computers for control and analysis of data, readily 
incorporated into test con?gurations With other equipment, 
and provide a rich set of primitives to support a ?exible 
scripting language and/or GUI interface. 

SUMMARY 

Conventional mechanisms such as those explained above 
suffer from a variety of de?ciencies. One such de?ciency is 
that conventional PSE test systems include a hard-coded set 
of test primitives. As such, in the event that different test 
primitives are needed, or if existing test primitives need to 
change or be supplemented, the test system requires repro 
gramming or replacement. 
Embodiments of the invention signi?cantly overcome such 

de?ciencies and present mechanisms and techniques that 
make available an apparatus providing a POE test instrument 
Which includes a port controller, a current loading circuit in 
communication With the port controller, a resistance loading 
circuit in communication With the port controller, a capaci 
tance loading circuit in communication With the port control 
ler, a load current and voltage measuring circuit in commu 
nication With the port controller; and a netWork connection 
capable of receiving poWer signals from a netWork and pro 
viding the poWer signals to at least one of the current loading 
circuit, the resistance loading circuit, the capacitance loading 
circuit, and the load current and voltage measuring circuit and 
Wherein the port controller utiliZes a set of test primitives 
Which are accessed in real time via a user interface to execute 
test sequences for characterizing PSE devices. 

Instrumentation for many applications has evolved to sys 
tems of rack-mounted instrumentation Wherein “blades” or 
“cards” plugged into the rack provide various required func 
tions. A PSE-testing blade can be con?gured to support test 
ing of a single PSE or multiple PSEs. For greatest ?exibility, 
and to localiZe high-speed interactions, each blade Would 
have controllers Which directly interact With circuitry on that 
blade for each test port. A rack could contain a backplane into 
Which blades are installed, With a chassis controller to control 
the ports, as Well as to interface to equipment external to the 
rack. The chassis controller could accept commands from the 
external computer, possibly translate betWeen a format pre 
sented by the external computer and the command set used on 
the blade, then perform the required interaction With each port 
controller. The chassis controller Would also have dedicated 
lines to/from each port Which enable triggering, and also 
dedicated hardWare lines to support triggering to/ from exter 
nal equipment. 
An important aspect of this architecture is the possibility to 

operate all ports simultaneously, thus offering very high 
throughput for bulk PSE testing. Each port carries out the 
assigned test under control of the port controller, often requir 
ing high-speed interactions With measurement circuitry. The 
chassis controller returns to each port to recover the results of 
the measurement. 
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In a particular embodiment of an apparatus for measuring 
characteristics of a at least one Power Over Ethernet (PoE) 
Power Sourcing Equipment (PSE) device (also referred to as 
a PSE test blade), the apparatus comprises a port controller 
and a current loading circuit in communication with the port 
controller. The apparatus further includes a resistance loading 
circuit in communication with the port controller, a capaci 
tance loading circuit in communication with the port control 
ler, and a load current and voltage measuring circuit in com 
munication with the port controller. The apparatus further 
includes a ?rst network connection capable of receiving 
power signals from a network and providing the power sig 
nals to at least one of the current loading circuit, the resistance 
loading circuit, the capacitance loading circuit, and the load 
current and voltage measuring circuit and wherein the port 
controller utiliZes a set of test primitives which are accessed 
in real time via a user interface to execute test sequences for 
characterizing PSE devices. A test primitive is de?ned as a 
testing resource that is con?gured by a remotely generated 
command and in certain cases generates a status and/or a 
measurement result in response to remotely generated com 
mands. Primitives consist of both hardware and ?rmware 
components resident in each test port. 

In another particular embodiment of a system for measur 
ing characteristics of at least one Power Over Ethernet (PoE) 
Power Sourcing Equipment (PSE) device the system includes 
a chassis controller and at least one POE PSE test and mea 
surement device in communication with the chassis control 
ler. Each of the POE PSE test and measurement devices 
comprises a port controller and a current loading circuit in 
communication with the port controller. The test and mea 
surement devices further includes a resistance loading circuit 
in communication with the port controller, a capacitance 
loading circuit in communication with the port controller, and 
a load current and voltage measuring circuit in communica 
tion with the port controller. The test and measurement 
devices also includes a ?rst network connection capable of 
receiving power signals from a network and providing the 
power signals to at least one of the current loading circuit, the 
resistance loading circuit, the capacitance loading circuit, and 
the load current and voltage measuring circuit. The port con 
troller utiliZes a set of test primitives which are accessed in 
real time via a user interface to execute test sequences for 
characterizing PSE devices. The system may be inserted 
between a device such as an Ethernet switch and a data tester 
or may be combined with the data tester. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing will be apparent from the following more 
particular description of preferred embodiments of the inven 
tion, as illustrated in the accompanying drawings in which 
like reference characters refer to the same parts throughout 
the different views. The drawings are not necessarily to scale, 
emphasis instead being placed upon illustrating the principles 
of the invention. 

FIG. 1A shows a test con?guration integrating a PSE test 
ing device and a data tester into a single instrument; 

FIG. 2A shows a con?guration wherein a PSE testing 
device is added to an existing data-testing con?guration; 

FIGS. 2A and 2B depict the modular rack/blade construc 
tion, both mechanical and logical perspectives; 

FIG. 3 shows port DC isolation achieved by supplying DC 
power via a DC-to-DC converter and by using opto-isolators 
on digital control lines; 
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4 
FIG. 4 shows a backplane with high volume air?ow 

achieved by removing large portions of back-plane area while 
maintaining strength with a grid of heavy- gauge circuit board 
material; 

FIG. 5 shows a single-port PSE switching and test con?gu 
ration which enables selection of Alternative A or B and 
polarity, separates the DC and Ethernet signals, and provides 
for voltage measurements and impedance and current loading 
of the PSE; 

FIG. 6 shows DC voltage sensing using precision resistive 
voltage divider with a unity-gain operational ampli?er for 
buffering; 

FIG. 7 depicts voltage ripple sensing in two frequency 
bands distinguishing ripple associated with 60 HZ and its 
harmonics from that due to DC-to-DC chopping frequencies; 

FIG. 8 shows a digitally controlled resistance and capaci 
tance loads; 

FIG. 9 shows a digitally controlled current load with cur 
rent sense; and 

FIG. 10 depicts a port controller used for port control and 
interface. 

DETAILED DESCRIPTION 

Power-over-Ethernet (PoE) offers tremendous bene?t in 
simplifying deployment of small data devices because remote 
power supplies are eliminated. Examples of Powered Devices 
(PD), that is, devices receiving both data and power over 
Cat-5 wiring, are Voice-over-IP telephones and wireless LAN 
access points. Power-Sourcing Equipment (PSE) may be 
Endpoint, when integrated into an Ethernet switch, or Mid 
span, when inserted between a non-PoE Ethernet switch and 
a PD. In addition, a PSE may employ Alternative A (AltA), 
wherein power is conveyed over pairs 1 and 4, or Alternative 
B (AltB), wherein power is conveyed over pairs 2 and 3. 
Endpoint PSEs using Alternative A may use Normal or 
Inverted polarity. PoE devices may conform to the IEEE 
802.3af standard, may be proprietary, or may be compatible 
with the standard but still operate with proprietary devices. 
The various PSE con?gurations require a test instrument with 
considerable ?exibility in wiring con?gurations. 
The testing of power-sourcing equipment requires a com 

bination of ?exibility and accuracy, but as well requires a 
cost-effective solution if used for production testing in addi 
tion to laboratory use. The technology described herein pro 
vides low-cost, accurate measurements, emulation of Power 
over-Ethemet protocols, and ?exible implementation of 
measurements via software control of basic hardware mea 
surement capabilities. In addition, issues such as modularity 
and power dissipation are accommodated. 

Referring now to FIGS. 1A and 1B, because testing of 
PoE-enabled Ethernet switches should include both data test 
ing and PSE testing, a natural capability would be inclusion of 
data and PSE testing in a single instrument as shown in FIG. 
1A. In this environment 10, a device such as an Ethernet 
switch 12 is shown in communication with a combination 
data and PSE tester 14. The Data and PSE Tester 14 could be 
realiZed by combining the PoE instrumentation concepts 
herein with well-known data-testing techniques. However, 
because of the very large installed base of data-testing instru 
mentation, an attractive capability is shown in FIG. 1B. In this 
test environment 20, a PSE tester 16 is transparently inserted 
between a device such as an Ethernet switch 12 and a data 
only tester 18. A stand-alone PSE test capability enables 
existing data-testing suites to be upgraded for PSE testing. 
Notwithstanding this, the techniques described herein for a 
stand-alone PSE-testing capability are readily applicable by 
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one of reasonable skill in the art to make an integrated PSE 
testing/data-testing instrument. 
Some testing of PSEs might employ a simple PD emulator, 

that is, a device Which behaves nominally like a PD, With 
perhaps some modest parameter variations, but suf?cient for 
go-no-go type testing. However, a true instrument, useful for 
parametric production testing as Well as laboratory design 
veri?cation and characteriZation, supports a Wide variety of 
tests, provides high accuracy measurements, and enables a 
Wide range of parameter variations. In addition, such an 
instrument should be easily interfaced to computers for con 
trol and analysis of data, readily incorporated into test con 
?gurations With other equipment, and provide a rich set of 
primitives to support a ?exible scripting language and/or GUI 
interface. Of course, such a comprehensive testing capability 
could also perform PD emulation. 

Referring noW to FIGS. 2A and 2B, instrumentation for 
many applications has evolved to systems of rack-mounted 
instrumentation Wherein “blades” or “cards” are plugged into 
the rack to provide various required functions. An example is 
shoWn in FIG. 2A Wherein a backplane 34 is used to provide 
communication betWeen a ?rst blade 30 and other blades 
3211-3211. As shoWn in FIG. 2A, in a particular embodiment. a 
?rst blade comprises a chassis controller 30 Which commu 
nicates With a plurality of PSE-testing blades 3211-3211. 
A particular embodiment of an apparatus for measuring 

characteristics of a at least one PoWer Over Ethernet (PoE) 
PoWer Sourcing Equipment (PSE) (also referred to as a PSE 
testing blade) 32 can be con?gured to support testing of a 
single PSE, or alternately for simultaneous testing of tWo or 
more such PSEs, each referred to as a port (e.g., port a andport 
b as shoWn in FIG. 2B). This blade may be installed in a rack 
Which holds blades for other test functions, or a rack may be 
maximally populated With PSE-testing blades for bulk PSE 
testing. For greatest ?exibility, and to localiZe high-speed 
interactions, each port includes a controller Which directly 
interacts With circuitry for that port. A rack may contain a 
back plane 34 into Which blades 3211-3211 are inserted as 
shoWn in FIG. 2A, With a chassis controller 30 to control all 
ports, as Well as to interface to equipment external to the rack 
as shoWn in FIG. 2B. For example, control of the rack could 
be effected, as examples, via an Ethernet connection over a 
LAN or by an RS-232 interface, using a remote computer. 
The chassis controller 30 can accept commands from external 
computers, possibly translate betWeen a format presented by 
the external computer and the command set used on the 
blades, then perform the required interaction With the port 
controllers on the PSE test blades 3211-3211. The chassis con 
troller 30 may also have dedicated lines to/from each port 
controller Which enable triggering, and also dedicated hard 
Ware lines to support triggering to/from external equipment. 
A feature of this architecture not available in conventional 
POE test systems is that test primitives are de?ned by ?rm 
Ware in the port controllers causing local behavior of the test 
circuitry, but that overall PSE test sequences are de?ned by 
softWare running on the remote computers. This enables pro 
grammers to continually expand and evolve test sequences 
for various purposes Without requiring changes to the PSE 
tester hardWare or ?rmware. 

An important aspect of this architecture is the possibility to 
operate all ports simultaneously, thus offering very high 
throughput for bulk PSE testing. In this context, the chassis 
controller 30 can start a port running a test primitive Which 
might take some time, then move on to assign tasks to other 
ports. Each port test circuit carries out the assigned test primi 
tive under control of the port controller, often requiring high 
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6 
speed interactions With measurement circuitry. The chassis 
controller returns to each port to recover the results of the 
measurement. 

Referring noW to FIG. 3, for fault tolerance, particularly 
against Wiring short circuits in factory environments Where 
voltages can be high, Ethernet data links over Cat-5 Wiring 
have DC isolation transformers at both ends. Consequently, 
PoE equipment is designed using DC-to-DC converters 40 to 
effect DC isolation from a chassis poWer supply 36 consistent 
With Ethernet requirements. To ensure compatibility With any 
valid Ethernet test con?guration, PoE test ports may also be 
DC isolated from the chassis and other ports as shoWn in FIG. 
3. Using a DC-to-DC converter 40 for each port requires 
converters of minimal capacity and loWest cost, and ensures 
isolation of poWer supplies on all ports. This, in turn, requires 
that the interface lines betWeen the chassis controller and the 
port controller also have DC isolation, Which can be effected 
using opto-isolators 4211-4211. If the number of control lines 
per port is minimized, then there is little cost increase for DC 
opto-isolation of the control lines. For example, in a particular 
embodiment, a minimal, but effective, interface may include 
four simplex links. Using a bit-serial representation of Words, 
one line Would convey commands from the chassis controller 
to the port controller, and another line Would convey data or 
responses from the port controller to the chassis controller. 
Another pair of lines Would convey simple synchronization 
pulses into or out of the port. 
PoE testing presents a unique requirement for heat dissi 

pation due to the manner in Which current/ voltage behavior is 
speci?ed. The maximum poWer of 15.4 W is speci?ed at the 
maximum PD load current of 350 mA, Which requires 44V at 
the PD; to accommodate voltage drop over the Cat-5 cable as 
Well as internal PSE drop With load current, the voltage pre 
sented to the PD by the PSE at 350 mA load current is Within 
speci?cation for the range 44V to 57V. Furthermore, to exer 
cise tum-on transients and short circuits, current loads of up 
to 450 mA may be required. Thus, a current load for a PSE test 
instrument might be designed to sink as much as 500 mA, and 
should do this inde?nitely With 60V input voltage, Which 
results in 30 W poWer dissipation. The potential heat load in 
a chassis having, for example, tWo PSE ports per blade With 
ten blades in the chassis could be 600 W. Con?gurations With 
more ports per blade, more blades per chassis, or future PoE 
evolution to higher poWer capabilities can readily double or 
quadruple the poWer Which must be dissipated in the chassis. 
Getting heat out of components and also out of the PSE 
instrument chassis is critical, and most laboratory instru 
ments exploit ventilation techniques Which can’t possibly 
handle such high heat loads. 

In this scenario, as shoWn in FIG. 4, a special backplane 50 
is used Which provides for electrical interconnection of the 
chassis controller 30 and all blades 3211-3211 and ports. Unlike 
conventional circuit boards, the back-plane 50 is constructed 
of relatively thick layers, so as to provide mechanical rigidity, 
and includes large holes cut out to provide for air?oW. Con 
nectors 52 on the back-plane 50 alloW for PSE test blades 
3211-3211 and the chassis controller 30 to be plugged into the 
back-plane 50 for interconnection of these elements. Fans in 
an otherWise standard chassis rack Would push air through the 
structure, and the holes through the backplane alloW the air to 
How freely through the structure. Heat sinks on the blades 
Would experience free air?oW for maximum heat exchange. 
A particular embodiment of a line sWitching and instru 

mentation con?guration of a PSE test blade 32 for testing a 
single PSE port is shoWn in FIG. 5. One or more such circuits 
could be designed to ?t on a test blade. The PSE may be 
integrated into an Ethernet sWitch, or a midspan PSE may be 
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inserted between the Ethernet switch and the PSE instrument; 
in either case, the PSE under test is connected at the PSE side 
of the diagram (the ?rst network connection). If LAN testing 
is to be carried out concurrently with exercise of the PSE, then 
the data testing equipment is connected at the LAN side of the 
diagram (the second network connection). Blocking capaci 
tors 62a-62h keep the DC voltage from the PSE from being 
transferred to equipment connected on the LAN side, but have 
negligible effect on Ethernet signals. Relay switches (s1 and 
s2) under control of the port controller provide for selection 
between Alternative A and Alternative B, and also polarity 
reversal between the PSE-powered pairs and the instrumen 
tation elements, if necessary. 

The DC and low-frequency signals associated with a PSE 
are separated from the Ethernet signals using a form of pre 
cision inductive voltage divider including inductors 64a 
64d). Because the Ethernet signals are differential, they will 
produce no output to the sensing circuitry if the division ratio 
is precisely one-half. While in theory this voltage divider 
might have been implemented using two simple inductors, 
standard inductors are not produced with high-precision val 
ues. While the exact value of inductance is not critical, the 
suppression of the Ethernet signal getting to the measurement 
circuitry depends upon how closely the two inductors across 
a twisted pair match each other. One solution to this problem 
is to employ a bi?lar-wound toroid. Multi-?lar transformers 
are well-known to produce various RF transformer con?gu 
rations wherein precise integer turns ratios are required. In 
this PSE-testing application, a bi?lar con?guration effec 
tively provides two inductances (e. g. 6411 and 64b or 640 and 
64d) which match each other to a high degree, hence giving 
excellent suppression of the Ethernet signals from the instru 
mentation circuits. 
A multiplicity of elements is also shown across the sensing 

bus in FIG. 5; measurement capability for DC voltage and 
voltage ripple 60, passive impedance loading 70, current 
loading 80. and current sensing 90, described in more detail 
below. Also shown is a series resistor-capacitor combination 
C MIN and RHF. At low frequencies only C MIN has effect, and 
its value is selected to be consistent with the minimum capaci 
tance speci?ed for the PSE standard used (e.g., 802.3af). Of 
course, CMIN also keeps RHF from loading the sense bus at 
low frequencies. At high frequencies, for example, ripple 
frequencies corresponding to DC-to-DC chopping, only RHF 
has effect, and this combines with the magnetizing induc 
tance of the sense inductors to roll-off the high-frequency 
response as desired. 

FIG. 6 shows a particular embodiment of a circuit 60 for 
measuring DC voltage across the sensing bus. Precision resis 
tors R1 and R2 form a voltage divider which scales the DC 
voltage to the range of the Analog-to-Digital Converter 
(ADC) used for measurements. A unity-gain buffer 66, using 
an operational ampli?er having low off-set voltage, prevents 
loading of the resistor divider by the ADC. Because the resis 
tors can be of very high precision, this scaling circuit main 
tains high accuracy in the DC voltage measurement. 

To characterize the ripple component of the PSE voltage in 
detail, the AC component of the voltage on the sensing bus is 
sampled in the ADC and subjected to various forms of analy 
sis in the processor, e.g., FFT to examine spectral content. 
However, a PSE test instrument need not perform such com 
plex analysis. Ripple measurements in a particular embodi 
ment can be conveniently performed in two frequency bands 
using a circuit 70 as shown in FIG. 7. This provides the ability 
to measure ripple at power frequencies, e. g., 50, 60 or 400 HZ, 
plus harmonics, and also to measure ripple produced by DC 
to-DC converters used in PoE for DC isolation, e.g., 150 to 
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8 
200 kHZ. A blocking capacitor CB passes only the ripple 
component of voltage on the sensing bus. Because such a 
blocking capacitor C B functions as a differentiator, diodes D 1 
and D2 are used to clip transients generated by rising and 
falling edges of the DC waveform on the sensing bus, hence 
protecting the ampli?ers in the ripple sensing circuitry. A 
pedestal voltage, here shown as 2V, can be applied from a 
low-impedance source such as a voltage-regulator diode and 
applied via resistors R2 and R3 to the positive terminals of the 
buffer ampli?ers 72 and 74 for the two ripple bands; this 
produces a DC pedestal voltage on the two outputs so that the 
ADC employed can be unipolar. 

In FIG. 7, resistor R1 and capacitor C 1 form a low-pass ?lter 
to de?ne the upper cut-off frequency of the lower ripple 
measurement band. The lower cut-off frequency of this ripple 
band is determined by the blocking capacitor CB and R3. 
Capacitor C2 and resistor R2 form a high-pass ?lter to de?ne 
the lower cut-off frequency of the upper ripple band. The 
upper cut-off frequency of this ripple band is determined by 
RHF in FIG. 5. The buffer ampli?er 72 for the lower ripple 
band can be a unity-gain operational ampli?er con?guration 
because the ripple amplitude in the lower band can be large 
due to the AC MPS “keep-alive” signal which might be 
present under 802.3af. The buffer ampli?er 74 for the upper 
ripple band should have gain greater than one because the 
upper-band ripple is considerably smaller than that of the 
lower band. Resistors R4 and R5 set the gain of the buffer 74 
for the upper band. Capacitor C3 blocks DC for this ampli?er 
so that the DC pedestal is passed through in unity-gain mode. 
Normally a ripple-measurement circuit might include a 

peak-detector to quantify the ripple voltage. However, peak 
detectors may be simple diode circuits, in which case there 
must be considerable ampli?cation to drive the diodes, or they 
may employ operational ampli?ers, in which case they 
become somewhat complex. To avoid the cost and/or com 
plexity of peak-detector circuits, the output of the selected 
buffer ampli?er in FIG. 7 is sampled in the ADC, and these 
samples may be analyZed to determine peak-to-peak or RMS 
ripple voltage, or both. 

Passive impedance loading of a PSE can be exercised with 
the circuit 75 of FIG. 8. In a particular embodiment, for 
presenting varying detection resistance, a digital resistor is 
implemented using digitally controlled CMOS switches 76 to 
shunt resistors 78a-78e in a series con?guration. An altema 
tive is to employ available digital potentiometer ICs, however, 
these devices typically operate at lower voltages than handled 
using CMOS switches. As a preferred embodiment, for 
example, FIG. 8 shows an 8-kQ ?xed resistor 78b in series 
with l-, 2-, 4-, 8- and l6-kQ resistors 78a and 78c-e respec 
tively which can be individually shunted by the R switches 
76. This con?guration yields a digital resistor which can 
re?ect 8 through 39 k9 in l-kQ steps. Generally, a full range 
of resistance could be implemented; however, for PSE testing 
the example shown is adequate because it spans the range of 
resistance of interest and saves cost. Of course, actual resistor 
values available in appropriate tolerance could be substituted 
for the nominal values shown. To conform to the 802.3af 
standard, diodes D1 and D2 are in series to re?ect the bridge 
diode con?guration required under that standard. These 
diodes also protect the passive load from voltage reversal. To 
exercise the capacitance presented to the PSE, a set of parallel 
capacitors may be switched digitally. For example, FIG. 8 
shows three capacitors 80a-c, (2.2-, 4.7- and 6.8-uF), in par 
allel with C switches 82 connecting the capacitors to ground. 
It would be possible to implement a full range of digital 
capacitance, but as was the case of resistance, this set of 
capacitors bridges the range of interest for 802.3af. 
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The CMOS switches used to control the resistance and 
capacitance presented to the PSE typically can stand-off only 
moderate voltage. To address this issue, a Solid-State Relay 
(SSR) 84 is used to disconnect the digital resistor and capaci 
tor from the sensing bus. A comparator 85 may be used, 
comparing the sensing voltage to a limit voltage, Which Would 
open a normally closed SSR 84. However, it is not possible to 
simply remove the passive load from the sensing bus, since 
the PoE AC MPS signal must detect the presence of a resis 
tance Within speci?ed limits to keep a PSE from shutting 
doWn. Thus, FIG. 8 also shoWs a Zener diode 86 Which 
becomes conducting at approximately the same PSE voltage 
at Which the SSR 84 disconnects the digital impedances, thus 
sWitching in a non-critical resistance RMPS 88 required to 
keep a PSE active. This cross-over voltage, e.g., 10.5 V, must 
be selected to be higher than PSE voltage during detection 
classi?cation modes, but beloW the 44V corresponding to a 
fully activated PSE. 

Current loading of a PSE may be effected in a particular 
embodiment With a circuit as shoWn in FIG. 9. This current 
loading circuit 90 is used to set the classi?cation current 
during the optional PSE classi?cation phase, and also is 
required to exercise the PSE in examining DC voltage and 
ripple behaviors vs. load current after the PSE is activated. 
The basic operation is setting a voltage from the Current Load 
DAC Which is enforced by the operational ampli?er 92 to be 
the voltage across the current-setting resistor R2. The rise 
time of the DAC voltage delivered to the operational ampli?er 
92, hence the load current draWn, is controlled by the R1/ C 1 
combination. Resistor R3 is designed to dissipate poWer 
Which Would otherWise be dissipated in the transistor 96 
under Worst-case conditions. 

While the load current should normally closely folloW that 
programmed by a port controller via the DAC, it is helpful to 
provide the voltage across the resistor R2 as a measurement. 
This primarily enables measurements of required load current 
limiting behaviors by the PSE Where actual load current Will 
be less than programmed load current. If a transient current 
load is programmed by the processor, it is useful to provide 
for recording this along With other parameters. In addition, 
for highest accuracy, the measurement of current provided by 
the current-sense voltage is fundamentally better than the 
setting of the current because feWer components are involved 
in the measurement than the setting. This also can provide a 
trigger mechanism Which may be exploited by the port con 
troller. 

Because PoE detection, for Which there is no current other 
than draWn by the detection resistance, must occur before 
classi?cation, and because the transition from detection to 
classi?cation may proceed on a time scale Which prohibits 
intervention by the port controller, the current load should not 
actually draW current from the PSE until the PSE voltage 
exceeds that relevant to detection. A comparator 94 is used to 
deprive the operational ampli?er of the DAC voltage When 
the sense voltage VSENSE is loWer than some tum-on voltage 
VTO by shorting the DAC voltage using, for example, a 
CMOS sWitch. 
One aspect of instrumentation design is the performance of 

as many tasks in the port controller as possible, thus minimiZ 
ing component cost and maximizing ?exibility. While gener 
ally the port processor might be implemented using devices 
ranging from Field Programmable Logic Arrays (FPGA) to 
micro-processors, micro-controllers available from industry 
provide a unique match to the requirements of PSE testing. 
While sloWer than FPGAs, micro-controllers are fast enough 
for PSE testing. While limited in computation capacity com 
pared to micro-processors, micro-controllers have adequate 
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10 
computation capacity for PSE testing. HoWever, unlike 
FPGAs or micro-processors, typical micro-controllers offer 
integrated circuit elements not normally available from 
FPGAs or micro-processors. FIG. 10 shoWs an example of a 
port controller 38 using an industry-standard micro-control 
ler Which incorporates a measurement Analog-to-Digital 
Converter (ADC) 100, as Well as comparators 102 and 104 
and a timer 106 Which can be set to measure intervals betWeen 
external events. The timer 106 could also enable the port 
controller 38 to control the time betWeen events, or to mea 
sure times betWeen other events, for example trigger signals 
sent to the port controller. These components could also be 
instantiated external to the processor, but available micro 
controllers With these components included on-chip provide 
considerable cost savings. FIG. 10 shoWs the addition of a 
four-output Digital-to-Analog Converter (quad DAC) 108 
providing various reference voltages; this DAC 108 might 
also be available internally in some micro-controllers. 

In particular embodiments, at least one of the current load 
ing circuit, the resistance loading circuit, the capacitance 
loading circuit, and the load current and voltage measuring 
circuit utiliZes trigger signals to effect sequences derived 
from at least one of changes in port con?guration, changes in 
current loading, voltage transitions, remote softWare gener 
ated signals delivered over a chassis trigger bus, and events 
occurring on otherpor‘ts delivered over the chassis trigger bus. 
The port controller 38 has outputs 110 Which control the 

port-sWitching relays, the DACs and the various CMOS ana 
log sWitches (for control of passive resistance and capaci 
tance loading, as Well as miscellaneous functions). The port 
controller ADC can be used With signal-processing routines 
to perform parameter measurements, such as average and 
peak-to-peak voltage, and peak-to-peak and RMS ripple volt 
age. In addition, the port controller can record a transient 
(trace) of PSE voltage or current; this is important for PSE 
measurements because the 802.3af standard alloWs consider 
able variability in the start-up behavior of PSEs. Without a 
trace capability, many PSE measurements might take a very 
long time, or might be impossible to perform accurately. 

To the degree possible, measuring internal parameters 
enables calibration routines to mitigate the need for periodic 
calibration of the instrument. Therefore, FIG. 10 shoWs vari 
ous parameters being introduced to the measurement ADC 
using a multiplexer 112, for example shoWn as internal to the 
port controller. Bringing the ground into the multiplexer 
enables determination of the offset voltage of the ADC used 
for all other measurements. Bringing in the pedestal voltage, 
i.e., “2V ref’ in the example shoWn, enables internal calibra 
tion of the ripple measurements, although peak-to-peak mea 
surements can be effected Without such calibration. The port 
controller 38 utiliZes a set of test primitives Which are 
accessed in real time via a user interface to execute test 
sequences for characterizing PSE devices. 
Having described preferred embodiments of the invention 

it Will noW become apparent to those of ordinary skill in the 
art that other embodiments incorporating these concepts may 
be used. Accordingly, it is submitted that that the invention 
should not be limited to the described embodiments but rather 
should be limited only by the spirit and scope of the appended 
claims. 
What is claimed is: 
1 . An apparatus for measuring characteristics of at least one 

PoWer Over Ethernet (POE) PoWer Sourcing Equipment 
(PSE) device, the apparatus comprising: 

a port controller; 
a programmable current loading circuit in communication 

With said port controller; 
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a programmable resistance loading circuit in communica 
tion With said port controller; 

a programmable capacitance loading circuit in communi 
cation With said port controller; 

a load current measuring circuit in communication With 
said port controller; 

a voltage measuring circuit in communication With said 
port controller; and 

an input netWork connection capable of receiving poWer 
signals from a netWork and providing said poWer signals 
to at least one of said current loading circuit, said resis 
tance loading circuit, said capacitance loading circuit, 
and said load current and voltage measuring circuit and 
Wherein said port controller utiliZes a set of test primi 
tives Which are accessed interactively in real time via a 
user connection to execute test sequences for character 
iZing PSE devices, and Wherein said characterizing com 
prises measuring signaling protocols, signal levels, sig 
nal timing parameters, loading thresholds, and load 
limiting behaviors to ensure they are in compliance With 
IEEE 802.3 Clause 33 speci?cation. 

2. The apparatus of claim 1 Wherein said port controller, 
said current loading circuit, said resistance loading circuit, 
said capacitance loading circuit, said load current measuring 
circuit, and said voltage measuring circuit are provided With 
isolated DC. power such that D.C. isolation is achieved 
betWeen said input netWork connection and other entities 
including DC. power and user connection facilities that may 
be required to poWer and control the apparatus. 

3. The apparatus of claim 1 further comprising timing 
trigger primitives for generation of trigger signals that are 
time coincident to events, and timing measurement circuits 
for measuring times betWeen the events, Wherein said events 
include at least one of the group consisting of signaling and 
poWer state transitions from a PSE, internal state transitions 
in the apparatus required to stimulate speci?ed behavioral 
responses by a PSE, electrical trigger signals received by the 
port controller, and user commands directed to the port con 
troller. 

4. The apparatus of claim 3 Wherein at least one of said 
current loading circuit, said resistance loading circuit, said 
capacitance loading circuit, said load current measuring cir 
cuit, and said voltage measuring circuit utiliZes said trigger 
signals to effect changes in resistance and capacitance load 
ing, changes in current loading, voltage measurements of 
varying time aperture, current measurements of varying time 
aperture, time interval measurements, and DC. isolated elec 
trical trigger signals. 

5. The apparatus of claim 4 further comprising a transient 
load control and response measurement circuit in communi 
cation With said input netWork connection to sequence one or 
more levels and durations of load current that are time-syn 
chroniZed to said trigger signals that may coincidentally trig 
ger voltage measurements, current measurements, and time 
interval measurements. 

6. The apparatus of claim 1 further comprising an output 
netWork connection coupled to the input netWork connection 
in such a manner as to alloW non-POE compatible packet 
transmission test equipment outside the apparatus to commu 
nicate With a PSE connected to said input netWork connec 
tion, Wherein said output netWork connection is D.C. isolated 
from the apparatus of claim 1 and is also D.C. isolated from 
the input netWork connection, and Wherein this isolation 
enables the apparatus to pass through netWork tra?ic While 
terminating and manipulating the PoWer-over-Ethemet load 
to the PSE. 
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12 
7. The apparatus of claim 1 further comprising a peak-to 

peak voltage ripple measurement circuit in communication 
With said input netWork connection. 

8. The apparatus of claim 7 Wherein said peak-to-peak 
voltage ripple measurement circuit includes a loW frequency 
voltage ripple measurement circuit and a high frequency volt 
age ripple measurement circuit. 

9. A system for measuring characteristics of a plurality of 
PoWer Over Ethernet (POE) PoWer Sourcing Equipment 
(PSE) devices, the system comprising: 

a chassis poWer supply; 
a chassis trigger bus; 
a chassis controller; and 
at least one POE PSE test and measurement device in 

communication With said chassis controller, each of said 
POE PSE test and measurement devices comprising: 
a port controller; 
a programmable current loading circuit in communica 

tion With said port controller; 
a programmable resistance loading circuit in communi 

cation With said port controller; 
a programmable capacitance loading circuit in commu 

nication With said port controller; 
a load current measuring circuit in communication With 

said port controller; 
a voltage measuring circuit in communication With said 

port controller; and 
an input netWork connection capable of receiving poWer 

signals from a netWork and coupling said poWer sig 
nals to at least one of said current loading circuit, said 
resistance loading circuit, said capacitance loading 
circuit, said voltage measuring circuit, and said load 
current measuring circuit and Wherein said port con 
troller utiliZes a set of test primitives Which are 
accessed interactively in real time via a user interface 
to execute test sequences for characteriZing PSE 
devices, and Wherein said characterizing comprises 
measuring signaling protocols, signal levels, signal 
timing parameters, loading thresholds, and load lim 
iting behaviors to ensure they are in compliance With 
IEEE 802.3 Clause 33 speci?cation. 

10. The system of claim 9 Wherein said chassis controller 
further comprises a netWork interface capable of communi 
cating With other computers. 

11. The system of claim 9 Wherein each POE PSE test and 
measurement device is provided With isolated DC. power 
such that D.C. isolation is achieved betWeen each POE PSE 
test and measurement device and said chassis poWer supply, 
and betWeen each and every POE PSE test and measurement 
device in the system. 

12. The system of claim 9 each POE PSE test and measure 
ment device is provided With isolated data and trigger signals 
such that D.C. isolation is achieved betWeen each POE PSE 
test and measurement device and said chassis controller, and 
betWeen each POE PSE test and said chassis trigger bus. 

13. The system of claim 9 Wherein each of said POE PSE 
test and measurement devices include timing trigger primi 
tives for generation of trigger signals that are time coincident 
to events, and timing measurement circuits for measuring 
times betWeen the events, and Wherein said events include at 
least one of signaling and poWer state transitions from a PSE, 
internal state transitions in the apparatus required to stimulate 
speci?ed behavioral responses by a PSE, electrical trigger 
signals received by the port controller, and user commands 
directed to the port controller. 

14. The system of claim 13 Wherein each of said POE PSE 
test and measurement devices include at least one of said 
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current loading circuit, said resistance loading circuit, said 
voltage measuring circuit, said capacitance loading circuit, 
said load current measuring circuit, and said voltage measur 
ing circuit utiliZes said trigger signals to effect changes in 
resistance and capacitance loading, changes in current load 
ing, voltage measurements of varying time aperture, current 
measurements of varying time aperture, time interval mea 
surements, and DC. isolated electrical trigger signals. 

15. The system of claim 14 wherein each of said POE PSE 
test and measurement devices include a transient load control 
and response measurement circuit in communication with 
said input network connection to sequence one or more levels 
and durations of load current that are time-synchronized to 
said trigger signals that may coincidentally trigger voltage 
measurements, current measurements, and time interval mea 
surements. 

16. The system of claim 9 wherein each of said POE PSE 
test and measurement devices include an output network con 
nection in coupled to an input network connection in such a 
manner as to allow non-POE compatible packet transmission 

14 
test equipment outside the system to communicate with a PSE 
connected to said input network connection, wherein said 
output network connection is D.C. isolated from said input 
network connection and is also D.C. isolated from said chas 
sis power supply, said chassis controller, said chassis trigger 
bus, and each and every other POE PSE test and measurement 
device in the system, and wherein said isolation enables each 
POE PSE test and measurement device to pass through net 
work tra?ic while terminating and manipulating the Power 
over-Ethemet load to the PSE. 

17. The system claim 9 wherein each of said POE PSE test 
and measurement devices include a voltage ripple measure 
ment circuit in communication with said input network con 
nection. 

18. The system of claim 17 wherein said voltage ripple 
measurement circuit includes a low frequency voltage ripple 
measurement circuit and a high frequency voltage ripple mea 
surement circuit. 
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